To describe changes of the path length for electrons with Experimental studies were performed, to measure the nonlinear behavior of the momentum compaction factor a at the BESSY I1 electron storage ring. Based on these results the momentum acceptance of the storage ring can be derived. Several sets of measurements at different values of the horizontal chromaticity in the range of A Q , / ( A p / p o ) = 4 = -5.5.. . + 8.1 were generated.
INTRODUCTION
BESSY I1 is a 1.7 GeV, low emittance, high brilliance synchrotron radiation light source recently started operation at Berlin-Adlershof [l] . The lattice of the storage ring is a 16-cell 'Double Bend Achromat' with alternating high and low @-values and zero dispersion in the straights. The ring circumference is 240 m. The transverse tunes are Q z = 17.8 and Qv = 6.7, the natural chromaticities are Enat.+ = -52.7and&,,,,.,, = -26.8. A source of major life time limitations of the stored electron beam are scattering processes, were electrons suffer a sudden energy change, well known as Touschek effect and bremsstrahlung process [2] . To avoid a loss of these scattered particles and to achieve a good beam lifetime, the transverse and longitudinal momentum acceptance of the machine is designed for A p / p o f 3%. One task of the presented measurements was the determination of the actual machine momentum acceptance.
THE MOMENTUM COMPACTION FACTOR a

I Definition of Q
The length of the particle orbit together with the magnetic field on this orbit defines the energy of the electrons. The rf-frequency and its harmonic number define the path length of the electrons in the ring. Because of the fast radiation damping, the particle energy will follow a change of the rf-frequency or the magnetic field within few milliseconds. In the experiments discussed here the rf-frequency at fixed magnetic field was detuned to change the electron energy.
small momentumdeviationsit is common, to apply a series expansion of the path length with respect to the momentum deviation [2] . The influence of betatron oscillations on the momentum compaction factor can be ignored here, because theire amplitudes are less than 1 mm. In the case that p approaches po both definitions yield the same limiting value an:
lim a = lim ap = a.
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Based on linear approximations, this value can he calculated an = -/ &ds,
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were D, is the linear dispersion function and p the dipole bending radius. For the present storage ring optics we have 
Reconstruction of a from measurements
were h is the harmonic number, V,,, the effective peak Voltage of the rf-frequency, $ is the phase angle of the synchronous particle and Pc the velocity of the particle.
The index p is used to point out that these values are related to the local properties of the orbit, defined for a given momentum p . Only the local orbit dynamics is involved, because the relative energy spread of the bunches is 'differentially' small, less than The accurate estimate of the effective rf-Voltage seen by the beam is rather difficult. By relating the longitudinal tune to the tune at p = po the expression can be simplified and becomes independent of the Voltage:
The phase angle + defined by the large amplitude of the rf-Voltage and a comparably small energy loss per turn is only some few degrees. The change of this angle with respect to the few percent changes of the momentum considered here is even smaller and will be neglected, we set COS$O = COS$^. At typical BESSY I1 energies a small change of the particle momentum hardly changes the particle velocity. Therefore, the 'frequency slip factor' q, +... Fig.3 shows a/ao as a function of the momentum deviation. For a given momentum value this ratio gives the required correction of the rf-frequency, which is of the order of 130%, due to the influence of higher order terms of the momentum compaction factor.
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THE MEASUREMENTS
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SUMMARY AND CONCLUSION
The momentum compaction factor can be measured to a very high accuracy by applying frequency based methods. If fitted by a polynomial, the results shown in Fig.2 . would require a polynomial of 5th order. The value of 010 was yet not measured, but taken from a simulation code. In case the momentum acceptance is calculated only with this linear term, the estimated rf-frequency change needs a further correction of the order of 130%, depending on the chromaticity. As expected, the momentum compaction factor is very sensitive to the horizontal chromaticity. The measured results could be excellent reproduced with the simulation code MAD. From these measurements the momentum limits for stable beam storage was found to be -4% < AP/PO < +S%.
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